Abstract: Aiming to better reflect features of machinery vibration signals of high-voltage HV circuit breaker (CB), a new method is proposed on the basis of energy-equal entropy of wavelet packet(WP). First of all, three-layer wavelet packet decomposes vibration signal, reconstructing 8 nodes of signals in the 3rd layer. Then, the vector is extracted with energy-equal entropy of reconstructed signals. At last, the simple back-propagation (BP) neural network for fault diagnosis contributes to classification of the characteristic parameter. This technology is the basis of a number of patents and patents pending, which is experimentally demonstrated by the significant improvement of diagnose faults.
INTRODUCTION
WP algorithm provides a more precise technique for signal frequency band, thus effectively improving the frequency resolution. Wavelet packet decomposition (WPD) is very effective in decomposing signals. WP achieves a range of frequency bands on the consistent selectivity through splitting signals; at the same time, WP energy presents heterogeneous nature in the different frequency signals [1, 2] . Stress concentration causes the strength of the signal, and WP band energy can show such power, thus, the feature of crack defect signals can be figured out effectively [3, 4] .
On account of statistics and probability, information entropy can describe the uncertainty of the systems [5] . Recently, it was widespread applied in segmentation of data, biomedical, fault diagnosis, signal extraction, and so on; a number of preliminary consequences were obtained [6, 7] .
HV CB controls and protects power system's operation; hence the running status of CB can directly affect the stability of power network. There is a ton of research on power system shows that 80% of the HV CB faults are mechanical fault [8, 9] . As a result, it is of great significance to carry out researches on mechanical fault. The operation of HV CB can produce mechanical vibration signals that contain a large amount of information, reflecting circuit breaker status. The screw loosening and the contactor wearing, etc, can be detected through analyzing the vibration signals [10, 11] . In past years, research on extracting characteristic parameters out from circuit breaker vibration signals has become very popular. For example, Hu Xiaoguang and his team adopted 3-layer WPD to extract the energy entropy, then to calculate Euclidean distance as the parameters of fault diagnosis [10] . Rong Mingzhe and his team combined the WP extraction algorithm with the short time analysis to process machinery signals, and to analyze the switching synchronization of high circuit breakers [12] . Shen Li and his team adopted multilayer WP envelope maximum extracting singularity index, then singularity index were used as the feature parameters to reflect the condition of circuit breaker [13] . The authors had applied wavelet packet decomposing vibration signals, and then extracting sensitive nodes for faults, then sensitive nodes were regarded as the feature nodes to reconstruct the signal for fault diagnosis [14] . The above experiment from experts has obtained the good results.
A new method is proposed on the basis of energy-equal entropy of WP. First of all, vibration signals of CB were getting rid of the noise, then, the three-layer wavelet packet decompose vibration signal, reconstructing eight signals of each nodes at the third layer. We put that standard signal energy time segment and compute the integral energy entropy. At last, the simple back-propagation (BP) neural network for fault diagnosis contributes to classification of the characteristic parameter. No-load cases, several faults of high voltage circuit breaker experiment were done.
WAVELET PACKETS
Based on orthogonal wavelet, the advantages of wavelet analysis are which has good time-frequency localization properties, and has the unique superiority for time-varying signal processing. However, the disadvantage of wavelet analysis is that high time resolution whereas low frequency resolution in high part of time-frequency resolution. Nonetheless, WP overcomes that disadvantage. Applying of wavelet packet decomposition, fault diagnosis effect of HV CB was very good [15, 16] .
Based on the double scales, a group of recursive func-
l f , l k are low-pass filter and high-pass filter groups respectively.
WPD successfully keeps frequency-time localized features of signals. Within the full frequency, in each layer wavelet-packet decomposes sub-band into two parts, then repeating the appeal in the each part. Following that, a form of binary tree is constructed, which is shown as Fig. (1) . Wavelet decomposition frequency range was shown as Table 1 . Covering the full frequency of signals, resolutions of each layer is different [16, 17] .
ENTROPY
The homogeneity of the energy distribution of system can be described by information entropy [8, [18] [19] [20] .
Provided an system with M random states x 1 , x 2 … x M , corresponding probability are p 1 , p 2 ,…, p M , So corresponding information entropy can be defined as:
Fault diagnosis of circuit breaker is essential for normal state and fault state to distinguish. The fault can be seen as various mutations in the Reliable state. According to this property, we can use the piecewise approach to achieve entropy extraction. This paper presents a scheme for diagnose circuit-breaker mechanical fault based on energy-equal entropy. The specific operation is in accordance with the integral energy equivalent principle, the standard envelope signal time axis segmentation, and the segmentation method is applied to segment the test signal.
In Fig. ( 2), Signal1 as normal signal envelope, Signal2 as the fault signal envelope. Mutation event were delayed, Sig2 compared with Sig1. Signal1 was segmented according to energy-equal; each of them has three segments Seg1, Seg2, Seg3. Because the Signal2 relative to the Signal1 state is changed, so the Signal2 Seg1, Seg2, Seg3 energy relative to the Signal1 Seg1, Seg2, Seg3 energy has also changed, namely energy distribution changes. So we will change Signal1, Signal2 corresponding to each segment of the transformation of the change of energy distribution uniformity.
METHODOLOGIES
The procedure to diagnose Wavelet Packet-characteristic entropy fault is as follows [5, 14, 16, 21] :
Step 1: After soft-threshold de-noising, state signals are respectively wavelet packet decomposed at the n layers. After many times of test, selecting db10 as base wavelet to reconstruct signals in 2n nodes at the n layer;
Step 2: Respectively figure out the envelope energy of reconstituted signals shown in Step1 with Hilbert transform. Step 3: The envelope signal of each node was divided into M parts in accordance with the principle of equal energy along the time axis, the piecewise point in time was extracted.
Step 4: A vibration signal, by step1 and step2, the envelope signal was divided into M parts according to the obtained piecewise points of normal signal, and the use of Equation (3) to energy.
In the formula, i = 1,2, ,m l = 1,2, ,n 1 t , 2 t the start and stop time.
Step 5: The energy was normalized as Equation (4):
Define characteristics entropy of the signal ( ) x t is [14, 22] :
Step 6: Wavelet Packet -characteristic entropy vector are:
The partition number "m" is related to complexity of signal, if the vibration events are more in the vibration signal extraction, m value is large, whereas the m value is small. The n value distribution range size reflects the character frequency, which is the size of the signal frequency resolution.
When we use the method of Wavelet Packet -entropy for fault detection, in fact is the normal state signal as uniform, and in the testing signal under fault condition and its distribution is not uniform, the entropy is a measure of signal heterogeneity degree, so we can use the Wavelet Packetentropy, which can reflect the fault state with respect to the degree of deviation from the normal state [22] . Fig. (3) is a vacuum circuit breaker A normal standard signal, and then the signal was processed according to the Wavelet Packet -entropy. We refer to other circuit breaker vibration signal processing method [20] . n=3 m=15 A total of 8 node signal reconstruction. The energy fragments of 15 equal time scale were shown in Table 2 . The following shows the analysis of the method by simulating the timevarying signal.
RESEARCH DESIGN

Normal Signal Processing
Time-variations
The normal signal in Fig. (3) , analogs 5 signal by increasing random noise and delay, which is shown Fig. (4) . Et1 is the original vibration signal, Et2~Et6 are the analog signal from 100ms 3ms turn delay. Fig. (4) shows that the signal impact event of 100ms later turns back from top to bottom. Et6 has been compared to the normal state signal after the shift to 15ms. According to the characteristic entropy extraction step 4~6, we are processing each signal respectively in Fig. (4) , wavelet packet characteristic entropy vector Table 2 . Observation of Table 3 feature vectors can be seen, in the normal state vector elements are uniformly distributed, with time delay, the uniform gradually being broken, the entropy decreases. Fig. (5) is variation curves of entropy-variation. The abscissa is node, and the ordinate is the amount of change. With longer time of delay, the nodes were basically the same. Nodes in [3, 0] are the lowest frequency. The entropy change is small; this is because compared to the other band, frequency distribution in the signal in the most uniform. Time no matter how to change, will not cause obvious changes in the distribution of low frequency component. Using the
we calculate Euclidean distance of the delay signal and the normal signal, as shown in Table 4 . As time later, the distance of each signal vector and normal signal increase gradually, each node is consistent.
Applications
Take a vacuum circuit breaker working under no load for test. Firstly, the circuit breaker operation 1 standard sets of vibration signal in the normal state. Then, the poor circuitbreaker lubrication is tried to test time-delay fault. Following that, loose phase A base screw and simulate the condition to test incorrect fault. Under these 3 conditions circuit breaker operates respectively, continuous action 3 times, 6 sets of data. Finally there are 7 groups of vibration signal as shown in Fig. (6) , followed by signal standard signal, lack of lubrication condition (3 signal Fault I,), screw loosening signal condition (Fault II, 3 signal) [10, 21] .
We process signal in the shown in Fig. (6) according to the 4 of the steps, sub time scale is shown in Table 2 , the signal characteristic entropy vector as shown in Table 5 . Through the analysis of the vector of table is easily found, The fault signal segmentation using normal condition signals energy distribution model, the original score was broken, so that the entropy change, change with the fault severity. The fault signal entropy vector of each element is generally less than normal, and the elements distribution is scattered, it also shows that in the fault state of each frequency band energy distribution is obviously disturbed, can criterion as a judgment circuit breaker has no fault, At the same time can be found, screw loosening fault signal the entropy is generally less than the time delay fault.
BP neural network was constructed by MATLAB neural network toolbox. Fig. (7) shows its structure. Its input layer possesses 8 neurons corresponding to the 8 nodes entropy. The neural network output layer has 3 neurons corresponding to 3 statuses of circuit breakers. In accordance with training output, the number neurons of hidden-layer were assigned to be 9, step length was 0.32, and expected error was 0.005. Network was trained using Table 5 vector, the output results as shown in Table 6 . The experimental data show better classification results of BP network design. Many experiments prove that feature parameters extracted through this technique can precisely and better discriminate various types of common faults.
In the actual application we can use more data to train the network, but the state data too much can cause that the network training convergence is difficult, even fail to converge. This needs to strike a balance between diagnostic status and the number of diagnostic errors. Therefore, it is essential to Fig. (7) . Structure of neural network. focus on training fault that often happens in operation causing great harm [23] [24] [25] .
CURRENT & FUTURE DEVELOPMENTS
The paper has reviewed the author's patent on the circuit breaker, and presented an Energy-equal Entropy method on the strength of WP and information entropy. The technique is applied on fault diagnosis and over travels on the circuit breaker itself insufficient lubrication, screw loosening two fault conditions of the method are analyzed, and achieved good simulation effect. At the same time, the simulation results also show that the method can be used for other equipment soft fault diagnosis based on signal processing. However, a lot of samples are needed for improving BP network when applying this patent during the practice.
